Abstract-To determine whether systematic differences exist between hypertensive children referred for evaluation by primary care providers and children identified through community-based screening, cardiovascular risk factors and surrogate markers of hypertensive injury were compared based on subject source (referral versus screening). Children referred to a hypertension clinic for persistently elevated blood pressure were compared with children identified as hypertensive during school screening of 5102 students in Houston public schools. M-mode echocardiography of the left ventricle was performed and subsequently reviewed by 2 independent sonographers blinded to identifying subject information. Subsets of subjects also underwent carotid artery ultrasound for measurement of intimal-medial thickness, overnight urine collections for microalbuminuria, and fasting serum cholesterol, triglycerides, and glucose. Ninetyseven total subjects (54 screening and 43 referral) met inclusion criteria and had technically adequate echocardiography performed. The prevalence of left ventricular hypertrophy (LVH) was 37%. Referral subjects demonstrated significantly greater left ventricular mass index (38.8 versus 34.2 g/m 2.7 ; PϽ0.01) and a higher prevalence of LVH (49% versus 28%; PϽ0.05). Among subjects who underwent carotid ultrasound (nϭ75), carotid intimal-medial thickness was significantly higher in referral subjects (0.61 versus 0.57, PϽ0.05). When controlling for BMI z score, which was significantly higher in referral subjects, systematic differences by subject source did not persist. These findings suggest that hypertensive children who are predominantly overweight, independent of the manner in which patients come to medical attention, will manifest evidence of more severe cardiovascular disease assessed by surrogate markers such as left ventricular mass index or carotid artery intimal medial thickness. Key Words: obesity Ⅲ hypertension Ⅲ children Ⅲ echocardiography Ⅲ cardiovascular diseases A s the prevalence of primary pediatric hypertension has been increasing in association with the obesity epidemic, 1 increased attention has focused on the characterization of cardiovascular sequelae in children with elevated blood pressure. Because morbid cardiovascular events are rare except in the most severely hypertensive children, investigation has relied on surrogate markers of hypertensive injury such as left ventricular mass index (LVMI) and carotid artery intimal medial thickness (cIMT). Recent studies have shown that LVMI 2 and cIMT 3 are increased in hypertensive as compared with normotensive children and that these increases occur in parallel. 4 In hypertensive children, the reported prevalence of left ventricular hypertrophy (LVH) ranges from 10% to 38%, 5-12 depending on the echocardiography protocol used to derive LVM, the method of indexing LVM to standardize across the range of pediatric age and size, and the threshold used to define LVH in children. A recent, retrospective, multicenter study of 129 children undergoing evaluation for hypertension found an overall prevalence of LVH of 41%. 13 However, the study was limited by several factors that included an exclusively referral-based subject population.
A s the prevalence of primary pediatric hypertension has been increasing in association with the obesity epidemic, 1 increased attention has focused on the characterization of cardiovascular sequelae in children with elevated blood pressure. Because morbid cardiovascular events are rare except in the most severely hypertensive children, investigation has relied on surrogate markers of hypertensive injury such as left ventricular mass index (LVMI) and carotid artery intimal medial thickness (cIMT). Recent studies have shown that LVMI 2 and cIMT 3 are increased in hypertensive as compared with normotensive children and that these increases occur in parallel. 4 In hypertensive children, the reported prevalence of left ventricular hypertrophy (LVH) ranges from 10% to 38%, [5] [6] [7] [8] [9] [10] [11] [12] depending on the echocardiography protocol used to derive LVM, the method of indexing LVM to standardize across the range of pediatric age and size, and the threshold used to define LVH in children. A recent, retrospective, multicenter study of 129 children undergoing evaluation for hypertension found an overall prevalence of LVH of 41%. 13 However, the study was limited by several factors that included an exclusively referral-based subject population.
Most recent studies investigating hypertension and its sequelae in children have consisted of convenience sampling of patients referred to a tertiary care subspecialty hypertension clinic. 2,11,14 -17 This sampling strategy creates the potential for systematic differences from the general population of hypertension children because of factors such as better access to health care, different anthropometric characteristics, greater severity of blood pressure elevation, and longer duration of disease. These issues impact the external validity of clinic-based pediatric hypertension research and might determine the relative benefit of community-based hypertension screening in children. To determine whether systematic differences exist between hypertensive children referred for evaluation by primary care providers and previously undiagnosed hypertension in children identified through community-based screening, cardiovascular risk factors and surrogate markers of hypertensive injury were compared based on subject source.
Methods
All patients newly referred to the pediatric hypertension clinic from January 2002 through May 2003 were approached for participation in a study of target organ damage in hypertensive children. To be considered for further analysis, criteria for inclusion of referral subjects consisted of: (1) casual blood pressure (BP) elevation above the 95th percentile on at least 2 previous occasions by report of the referring health care provider; (2) no known underlying medical conditions predisposing to hypertension; (3) no past or concurrent antihypertensive medications; (4) no concurrent medication with the potential to raise BP (eg, prednisone or methylphenidate); and (5) age between 8 and 18 years to match the age range of screening subjects.
School-based hypertension and obesity screening was performed in 5102 students in 8 Houston public schools from May 2002 to November 2002. Parents were notified in advance by letter sent from each school regarding the screening program. Forms were provided for parents to sign and return if they did not wish their child to participate. At each screening, three seated blood pressure measurements were made at least one-minute apart using oscillometric monitors. Students found to have an average blood pressure above the gender, age and height-percentile specific 95th percentile blood pressure value 18 underwent a second set of blood pressure measurements 1 to 2 weeks later. Students found to have blood pressure above the 95th percentile at the second screening underwent a third set of blood pressure measurements an additional 1 to 2 weeks later. Students found to have elevated blood pressure on all three occasions were considered to be hypertensive. Families of hypertensive children were informed of the persistent blood pressure elevation and invited to participate in a clinic-based study of hypertensive endorgan injury in children. The protocol was approved by the Institutional Committee for the Protection of Human Subjects.
Age was determined based on the date of first contact in the clinic. Gender and ethnicity were self-described. Weight and height were measured in each student, and body mass index (BMI) was calculated as weight/height (kg/m 2 ). The most current pediatric anthropometric reference data specific for gender and age was used to establish height, weight, and BMI percentile for each subject. 19 Exact BMI z scores were generated from equations provided by the Centers for Disease Control and Prevention. "Overweight" was defined as BMI Ն95th percentile. All subjects underwent auscultatory mercury manometer blood pressure measurements in the clinic at the initiation of further study participation, which were used for analysis of clinic blood pressure values. An index of severity of blood pressure elevation (BP index) was calculated by dividing the subject's blood pressure by the subject-specific 95th percentile blood pressure value.
All subjects underwent 2-dimensionally guided M-mode echocardiography of the left ventricle from a parasternal longitudinal axis image and a short axis image at the level of the papillary muscles with the patient in the left lateral decubitus position. M-mode echocardiography was recorded on videotape by the clinical sonographer and then digitized for off-line analysis. Digitized images were reviewed by two independent, experienced, research sonographers. Research sonographers were blinded to all identifying subject information including demographic or anthropometric data, hypertensive status (normal or hypertensive), and subject source (referral versus screening). Measurements of the LV end-diastolic dimension (LVED), interventricular septal thickness (IVS), and posterior wall thickness (PWT) were made during diastole according to methods established by the American Society of Echocardiography. Each LV parameter was measured during 4 diastolic cycles by both sonographers. Subjects whose videotapes were found technically inadequate for accurate LV measurements were excluded from further analysis. The average of all measurements (8 per parameter) was used to calculate LVM using the Devereux equation. 20 LVMI was calculated by dividing LVM by height 2.7 to account for gender, age, and ethnic differences in LVM. 21, 22 A subset of subjects underwent carotid artery ultrasound performed by experienced vascular sonographers according to a standardized scanning protocol. Sonographers were blinded to hypertensive status and subject source. A longitudinal view of the distal common carotid artery (CCA) was obtained using a linear 10-MHz transducer. The gain and focus settings were optimized to contrast the vessel lumen and IMT appearance. Two IMT measurements were made on the far wall of the distal CCA on each side. A longitudinal B-mode image of the CCA with sharp edges of the far wall IMT complex was used to place 2 measurements with digital calipers at 1 cm apart. The first measurement was made within 1 cm of the carotid bulb, and the second measurement was made 1 cm proximal from the first measurement. The measurements were performed on frozen images demonstrating the thickest IMT complex with calipers placed on a zoomed CCA image. The mean of four IMT measurements (2 on each side) for each subject was used as the value for analysis (cIMT).
An additional subset of subjects underwent assessment of microalbuminuria and fasting metabolic studies. From an overnight urine collection, urinary albumin-to-creatinine ratio (Alb/Cr) was calculated by dividing urinary albumin (mg/L) by urinary creatinine (mg/dL). Subjects also underwent fasting assessment of AM serum cholesterol, HDL cholesterol, LDL cholesterol, triglycerides, and glucose.
Descriptive statistics are presented as percentages, means, and standard deviations. Univariate analyses for group comparisons of continuous variables were performed using Student t test. Multivariate analyses for group comparisons were performed using analysis of covariance. The correlation between LVMI and continuous variables was determined using the Pearson correlation coefficient. Multiple regression analysis was used to determine the strength of association between LVMI and multiple independent variables. 2 test was used to analyze the relative percentage of categorical variables by group. PϽ0.05 indicated statistical significance.
Results
Ninety-seven total subjects (54 screening subjects and 43 referral subjects) met inclusion criteria and had echocardiography studies of sufficient quality for off-line analysis. Hypertension was confirmed by clinic blood pressure values in 83% (45/54) of screening subjects and in 84% (36/43) of referral subjects. No secondary causes for hypertension were found among either category of subject. Subjects with hypertensive and normotensive clinic blood pressure values were included in the analyses. The overall prevalence of LVH was 37% (36/97), which did not vary based on the presence or absence of confirmed clinic hypertension (37% versus 37%). The prevalence of overweight (BMI Ͼ95th percentile for age and gender) was 45% (44/97).
To determine whether the 54 participating screening subjects were a representative sample of the overall group of 221 persistently hypertensive children from the screening program, the subgroup of screening participants was compared with the total group of screening hypertensives based on demographic, anthropometric, and clinical variables. Participants as compared with the total group were similar for all variables including age (13. The primary analyses were the comparisons of screening subjects with referral subjects. Comparisons of demographic, anthropometric, and clinical data by subject source are shown in Table 1 . Referral subjects were more likely to be male (77% versus 54%; PϽ0.05). There were no significant differences by ethnicity. Referral subjects were heavier and had higher BMI than screening subjects but did not differ significantly by age or height. The prevalence of overweight was 58% in referral subjects compared with 35% in screening subjects (PϽ0.05). Referral subjects had higher raw clinic SBP than screening subjects (PϽ0.05); however, the SBP index (severity of systolic blood pressure elevation) did not differ by subject source. Neither raw nor indexed DBP values differed by subject source.
Univariate comparison by subject source for hypertensive surrogate markers and metabolic risk factors are shown in Table 2 . Referral subjects demonstrated significantly greater LVMI (PϽ0.01), as well as greater LVED and PWT. The prevalence of LVH was significantly higher among referral subjects as compared with screening subjects (49% versus 28%, PϽ0.05). Among the subset of 75 subjects who underwent carotid ultrasound, cIMT was significantly higher in referral versus screening subjects (PϽ0.05). Among the subset of 77 subjects who underwent overnight urine collection for albumin and creatinine, Alb/Cr ratio show a slight trend to be higher in the referral subjects but the difference was not statistically significantly. Among the subset of 59 subjects who underwent assessment of fasting serum metabolic factors, no differences were found in cholesterol, HDL, LDL, triglycerides, or glucose.
To assess for potential confounding factors in the analysis of subject source on surrogate markers of disease, multivariate analysis was performed to adjust for other demographic and anthropometric variables. Variables that showed systematic differences by subject source (gender, clinic SBP, and BMI z score) were included in the analysis. Because of strong intercorrelations between weight, BMI, BMI percentile, and BMI z score, only BMI z score was included in the multivariate analysis. After simultaneous adjustment for potential confounders of the relationship between subject source and LVMI, only BMI z score was significantly associated with LVMI. Specifically, the effect of subject source was no longer significant after adjustment for BMI z score. LVMI and BMI were significantly and independently associated (rϭ0.50, PϽ0.001) (Figure) . A similar multivariate analysis for cIMT showed that the effect of subject source on cIMT was no longer significant after adjustment for BMI z score. cIMT and BMI were also significantly and independently associated (rϭ0.38, PϽ0.001).
Discussion
The issue of subject source has important implications for determining the external validity of pediatric hypertension research. Because investigation of the causes and consequences of hypertension during childhood has been limited to some extent by the ability to recruit study subjects, many recent studies on pediatric hypertension have been conducted in subjects identified by referral to subspecialty clinics by primary care providers. 14 -16,23-27 This convenience sampling of patients referred to a subspecialty clinic may lead to the study of children who fail to represent the overall population of hypertensive children in the community. The current study found that referral subjects differed systematically from subjects identified through community screening with respect to the anthropometric characteristics and the extent of abnormality of surrogate markers of cardiovascular disease. Overall, the referral group had a male predominance and was more overweight by all measures of body habitus (weight, BMI, BMI percentile, prevalence of overweight). Referral subjects also had higher raw SBP values, although the severity of blood pressure elevation was not different when indexed to the subject-specific 95 th percentile. The referral group had higher LVMI, a greater prevalence of LVH, and higher cIMT values. It is uncertain whether these differences by subject source are of a general or a site-specific nature. However, these findings suggest that group comparisons of cardiovascular sequelae in hypertensive children need to account for systematic differences in other factors known to influence surrogate markers of disease.
The systematic differences in cardiovascular markers by subject source in the current study appeared to be mainly attributable to differences in body habitus. Specifically, the significantly higher LVMI and cIMT in referral as compared with screening subjects did not persist when controlling for BMI z score. Further analysis revealed that BMI z score was significantly associated with metabolic cardiovascular risk factors (ie, fasting total cholesterol, LDL cholesterol, and triglycerides) and with surrogate markers of hypertensive sequelae (ie, LVMI, cIMT). These findings are consistent with previous studies by Urbina et al 28 and Daniels et al, 29 who reported that measures of ponderosity are significant determinants of LVM in children. In a multicenter study by Hanevold et al, the single strongest determinant of LVMI was BMI. We have previously reported significant positive associations between BMI and LVMI 2 and cIMT. 3 Of note, the current study found no association between raw or indexed blood pressure values and markers of hypertensive sequelae. Thus, an accumulation of evidence suggests that overweight may be the greatest risk factor for target organ changes in children with elevated blood pressure.
This confounding influence of BMI z score affects the interpretation of the primary comparison by subject source. Although LVMI and cIMT were higher in referral subjects by univariate analysis, neither difference remained significant when controlling for the overall higher BMI z score in the referral subjects. This systematic difference in body habitus by subject source is also illustrated by the higher prevalence of overweight in the referral compared with screening subjects (58% versus 35%). Of note, raw SBP values remained higher in the referral subjects even when controlling for BMI z score. Thus, although referral subjects did demonstrate evidence of more severe cardiovascular disease risk and outcome, the implication of this finding for clinic-based pediatric hypertension research is not entirely clear. However, these findings do suggest that any group of study subjects that is predominantly overweight, independent of other factors such as subject source or hypertension severity, will show evidence of more severe incipient cardiovascular disease.
The current study is confirmatory of previous studies showing that LVH is highly prevalent in children with cardiovascular risk factors. 10, 11, 13, 14 Using published reference data on the pediatric 95th percentile of LVM indexed to height 2.7 , 21 the prevalence of LVH was found to be 37%. Among the more severely overweight referral subjects, the prevalence of LVH was found to be even higher at 49%. These results are consistent with previous studies of cardiac remodeling in children with cardiovascular risk factors. Using the methodology for indexing LVM and defining LVH as in the current study, Daniels et al first reported a prevalence of LVH of 38.5% in 104 children with blood pressure greater than the 90th percentile evaluated in a subspecialty hypertension clinic. 10 Hanevold et al pooled data from three different centers in 133 children undergoing evaluation in a hypertension clinic setting and found a prevalence of LVH of 41%. 13 In the current study, multiple measurements were made of each LV parameter by two independent sonographers who did not participate in the echocardiographic image acquisition and were therefore blinded to any identifying demographic or clinical information about the subjects. This approach provided a centralized, accurate, and unbiased set of measurements for calculation of LVMI and lends a high degree of credence to the study results.
Perspectives
The external validity of clinic-based research is an issue of importance for virtually all research questions with public Relationship between BMI z score and LVMI. BMI indicates body mass index; LVMI, left ventricular mass index.
health implications. Based on the results of the current study, weight, not subject source, is the most important confounding variable when studying childhood hypertension. Specifically, the extent of abnormality of surrogate markers of cardiovascular disease did not differ by subject source when adjusted for body habitus. Nonetheless, important systematic differences between referral and screening subjects were found that in aggregate cast doubt on whether the study of children in the clinic setting accurately represents the disease process in the general population. The current study also touches on the issue of whether systematic screening for childhood hypertension is indicated and/or cost-effective. Further studies are needed to determine whether early identification is an effective strategy for preventing or ameliorating clinical cardiovascular morbidity as at risk children reach adulthood.
